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VLOLFDWH UHDFWLRQ VORZO\ SURJUHVVLYH DONDOLVLOLFD UHDFWLRQ DQG DONDOLVLOLFD UHDFWLRQ $65 6ZDP\ 
+RZHYHU LQ VWXGLHV FRQGXFWHG LQ$$5 DONDOL FDUERQDWH UHDFWLRQRQO\RFFXUV LQ FDUERQDWH DJJUHJDWHV FRQWDLQLQJ
VLOLFD &RQVHTXHQWO\ WKH DONDOLDJJUHJDWH UHDFWLRQ LQ FRQFUHWH PD\ GHYHORS GHSHQGLQJ RQ VLOLFD FRQWHQW RI WKH
DJJUHJDWH7KHGHILQLWLRQRIWKHDONDOLFDUERQDWHUHDFWLRQKDVEHHQUHPRYHGIURPWKHOLWHUDWXUH%H\HQHHWDO
*UDWWDQ%HOOHZDQG&KDQ.DWD\DPD*UDWWDQ%HOOHZHWDO
1.1 Definition of Pessimum 
,Q WKH GLFWLRQDU\ WKH PHDQLQJRI 3HVVLPXP LV GHVFULEHG E\ FRQWUDVW WR WKH ZRUG RI RSWLPXP 6WDQWRQ
GHPRQVWUDWHGLQWKDWDFHUWDLQSURSRUWLRQRIVRPHUHDFWLYHVLOLFHRXVDJJUHJDWHFDXVHGWKHODUJHVWH[SDQVLRQRI
FRQFUHWHDQGWKDWWKHH[SDQVLRQGHFUHDVHGZKHQWKHFRQWHQWRIWKHUHDFWLYHDJJUHJDWHLQWKHFRQFUHWHZDVLQFUHDVHG
RU GHFUHDVHG IURP WKDW SHVVLPXP SURSRUWLRQ ,FKLNDZD  6WDQWRQ  +H DOVR IRXQG WKDW IRU D IL[HG
SURSRUWLRQ RI UHDFWLYH DJJUHJDWH WKH H[SDQVLRQ EHFDPHPD[LPDO DW D FHUWDLQ JUDLQ VL]H DQG WKDW WKH H[SDQVLRQ









SK\VLFDO SURSHUWLHV DV REWDLQHG IURPPDQXIDFWXUHUV DQG WKH JHRFKHPLFDO ODERUDWRU\RI+DFHWWHSH8QLYHUVLW\ DUH
SUHVHQWHGLQ7DEOH
2.2. Reactive Aggregates 
6L[GLIIHUHQWUHDFWLYHDJJUHJDWHVDQGRQHQRQUHDFWLYHDJJUHJDWHZHUHXVHGLQWKHPRUWDUEDUWHVWV7KH5HDFWLYH
DJJUHJDWHVZHUHRSDOQRGXOHVLQFOXGLQJRSDO&WDQGTXDUW]PLQHUDOVFKHUWFKDOFHGRQ\QRGXOHVLQFOXGLQJEDQGVRI
ZHOOGHYHORSHG TXDUW] FU\VWDOV DQGHVLWH QRQZHOGHG LJQLPEULWH LQFOXGLQJ SXPLFH DW KLJK SURSRUWLRQV OLPHVWRQH
DQGGRORVWRQHZKLFKZHUHFROOHFWHGIURP.XWDK\D$QNDUDDQG0HUVLQYLFLQLWLHV2SDOQRGXOHVFKHUWFKDOFHGRQ\










6L2  )LQHQHVV%ODLQHPðNJ 
$O2  6SHFLILF*UDYLW\ 
)H2  Compressive Strength, (MPa) 
&D2  GD\V$670& 
0J2  GD\V 
62  GD\V 
,JQLWLRQORVV  Tensile Strength, (MPa) 
5HOLFWPDWHULDO  GD\V 
2WKHUV  GD\V 
















































































PLFUR DQG FU\SWRFU\VWDOOLQH TXDUW] FKDOFHGRQ\ WULG\PLWH DQG FULVWREDOLWH ZHUH GHILQHG DV PRGHUDWHO\ UHDFWLYH
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PLQHUDOV'LDPRQG,QHVRQ$O'DEEDJK0LFKHOHWDO$QGHVLWHLQFOXGHVYROFDQLFJODVV
WKDW KDV UHDFWLYH IXQFWLRQDOLW\ 0F&RQQHOO HW DO 0L]XPRWR HW DO )UHQFK &KORULWH DQG FOD\
PLQHUDOV LQZHDWKHUHGEDVDOW DUH WUDQVIRUPHG LQWR D VLOLFD JHO DVZHOO DV FUDFN JURZWKV RFFXU LQ FRQFUHWH KDYLQJ
EDVDOWDJJUHJDWH%DWLFHWDO([SHULPHQWVZHUHSHUIRUPHGDFFRUGLQJWR$670&VWDQGDUGDFFHOHUDWHG
PRUWDU EDU WHVW $0%7 7KHZHLJKW SHUFHQWDJH RI DJJUHJDWHV XVHG LQPRUWDU EDU WHVW LV JLYHQ LQ 7DEOH  7KH
DJJUHJDWHV XVHG LQ $0%7ZHUH GHILQHG DV GHOHWHULRXV EHFDXVH RI PRUH WKDQ  H[SDQVLRQ LQ OHQJWK ,Q WKH













4.1. The Pessimum Ratio 
3HVVLPXP UDWLRV YDU\ GHSHQGLQJ RQ WKH UHDFWLYH VLOLFD FRQWHQW RI WKH DJJUHJDWHV ,Q WKHPRUWDU EDU WHVWV WKH




PD[LPXP H[SDQVLRQ LQ WKH PRUWDU EDU LQFOXGLQJ FKHUW DJJUHJDWHV ZDV GHWHUPLQHG WR EH  )LJ E 7KH
3HVVLPXPUDWLRRIFKHUWDJJUHJDWHVYDULHVGHSHQGLQJRQWKHDPRUSKRXVVLOLFDFRQWHQWFUDFNVDQGFDOFLWHILOOLQJ
    )LJD7KHJUDSKRIWKH3HVVLPXPUDWLRRIRSDODJJUHJDWHV E&KHUW

&KDOFHGRQ\DJJUHJDWHVLQFOXGHTXDUW]YHLQV7KHUHIRUH WKHSHVVLPXPUDWLRVRIFKDOFHGRQ\DJJUHJDWHVDUHYHU\
KLJK ZKHQFRPSDUHG WRRWKHU W\SHVRI DJJUHJDWHV )LJD7KH UHDVRQRI WKHDONDOL DJJUHJDWH UHDFWLRQ LQ
FRQFUHWHLQFOXGLQJWKHDQGHVLWHDJJUHJDWHLVYROFDQLFJODVVFRQWDLQHGLQWKHPDWUL[RIDQGHVLWH7KHUHIRUHLQFDVHRI
KLJKO\DQGHVLWHDJJUHJDWHXVDJHLQFRQFUHWHPL[SHVVLPXPEHKDYLRXUFDQEHREVHUYHG)LJE
,JQLPEULWH DJJUHJDWHV XVHG IRU WKH PRUWDU EDU WHVW KDYH VKRZQ WKH SHVVLPXP UDWLR DW WKH  +RZHYHU
LJQLPEULWH DJJUHJDWHV DUH FODVVLILHG DV KDUPOHVV GXH WR WKH OHQJWK RI H[SDQVLRQ QRW H[FHHGLQJ  )LJ D
'RORVWRQH DJJUHJDWHV VKRZ WRR ORZH[SDQVLRQ LQ H[SHULPHQWV )LJEEHFDXVHRI ORZ VLOLFD FRQWHQW7KHUHIRUH
GRORVWRQHZDVFODVVLILHGDVWKHLQQRFXRXVDJJUHJDWH
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 $O'DEEDJK ,  )OLQW FKDUDFWHULVWLFV DQG DONDOL VLOLFD UHDFWLYLW\ 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $ONDOL
$JJUHJDWH5HDFWLRQLQ&RQFUHWH*UDWWDQ%HOOHZ3(HG2WWDZD&DQDGD







 %LQDO$  3HVLPXP UHDNWLI DJUHJD LoHUL÷LQLQ DONDOLVLOLND UHDNVL\RQXQD HWNLVLQLQ GHQH\VHO \|QWHPOHUOH DUDúWÕUÕOPDVÕ ,VWDQEXO
8QLYHUVLWHVL<HUELOLPOHUL'HUJLVL
 'LDPRQG 6  $ UHYLHZ RI DONDOLVLOLFD UHDFWLRQ DQG H[SDQVLRQ PHFKDQLVPV 5HDFWLYH DJJUHJDWHV &HPHQW DQG &RQFUHWH
5HVHDUFK












 0F&RQQHO'0LHOHQ] 5& +ROODQG:<*UHHQH.7 &HPHQWDJJUHJDWH UHDFWLRQ LQ FRQFUHWH 3URFHHGLQJV$PHULFDQ
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
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 6WDQWRQ 7(  ([SDQVLRQ RI &RQFUHWH WKURXJK5HDFWLRQ EHWZHHQ&HPHQW DQG$JJUHJDWH 3URFHHGLQJV$PHULFDQ 6RFLHW\ RI
&LYLO(QJLQHHUV1HZ<RUNYRO±
 6WDQWRQ 7( 3RUWHS 2- 0HGHU /& 1LFRO $ 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EHWZHHQFHPHQWDQGDJJUHJDWHV$&,-RXUQDO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
 0L]XPRWR<.RVD.2QR.1DNDQR.6WXG\RQFUDFNLQJGDPDJHRIDFRQFUHWHVWUXFWXUHGXHWRDONDOLVLOLFDUHDFWLRQ
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ$ONDOL$JJUHJDWH5HDFWLRQ3(*UDWWDQ%HOOHZHG2WWDZD&DQDGD
 6ZDP\517KH$ONDOL6LOLFD5HDFWLRQLQ&RQFUHWH7KRPVRQ/LWKR/WG6FRWODQG8.
 6ZDP\51$ONDOL$JJUHJDWH5HDFWLRQVLQ&RQFUHWH0DWHULDODQG6WUXFWXUDO,PSOLFDWLRQV6FLHQFHVLQ&RQFUHWH7HFKQRORJ\
0DOKRWUD90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